Abstract: Since the motivation to study and engage in academic activities plays a key role in students' learning experience and well-being, gaining a better understanding of dental students' motivations can help educators implement interventions to support students' optimal motivations. The aim of this study, grounded in self-determination theory, was to determine the predictive role of different types of motivation (autonomous motivation, controlled motivation, and amotivation) in the affective and behavioral outcomes of dental students. Amotivation is the absence of drive to pursue an activity due to a failure to establish relationships between activity and behavior; controlled motivation involves behaving under external pressure or demands; and autonomous motivation is an internalized behavior with a full sense of volition, interest, choice, and self-determination. A cross-sectional correlational study was conducted in 2016, in which 924 students (90.2% response rate) from years one to six agreed to participate, granting permission to access their current GPAs and completing four self-reported questionnaires on academic motivation, study strategies, vitality, and self-esteem. The results showed that self-determined motivation (i.e., autonomous over controlled motivation) was positively associated with vitality, self-esteem, and deep study strategies and negatively associated with surface study strategies. The contrary results were found for amotivation. In the motivational model, deep study strategies showed a positive association with students' academic performance. Contrary results were found for surface study strategies. This study extends understanding of the differentiation of motivation based on its quality types and suggests that being motivated does not necessarily lead to positive educational outcomes. Autonomous motivation, in contrast to controlled motivation and amotivation, should be supported to benefit students with regard to their approaches to learning and well-being since it can promote students' vitality, self-esteem, deep over surface study strategies, and enhanced academic performance.
T he motivation to study and to engage in academic activities plays a key role in students' learning experience, well-being, and professional development. 1, 2 This role is of particular relevance for dental education, which has been characterized through the years as a highly demanding and controlling program in which students, in addition to the heavy workload and study hours, are responsible for the direct treatment of patients during their clinical training. 3, 4 Limited research, however, has been conducted in dental education concerning motivation and its consequences for students' learning experiences.
Among several theories of motivation, selfdetermination theory (SDT) investigates the roles of self-determined (intrinsic reasons to engage) and controlled behaviors (extrinsic reasons to engage) in various environments, emphasizing the importance of studying motivation as a multidimensional construct based on different quality types and not as a unitary construct that only varies in amount (i.e., having more or less motivation).
5 Figure 1 illustrates the types of motivation postulated by SDT, ranging from the least to the most self-determined types. Amotivation, at the left end of the continuum, is the absence of intent or drive to pursue an activity due to one's failure to establish contingencies between activity and behavior (e.g., a dental student not wanting to study or not seeing the point in studying for a microbiology exam because he or she expects to fail anyway). Amotivation is characterized by an impersonal origin and has been associated with negative educational outcomes, such as negative emotions, 7, 8 psychological maladjustment to university education, 9 and high stress levels. 10 At the middle and right of the continuum are controlled motivation and autonomous motivation, both of which reflect intention and motivation to act; however, their origins, attributes, and outcomes differ. 6 Controlled motivation involves behaving under external pressure and demands for specific outcomes. It is subdivided into external and introjected regulation. In external regulation, students' motivation is to obtain rewards or to avoid punishment (e.g., a dental student adjusting the occlusion of a recently performed restoration exclusively to obtain a better mark and to avoid negative feedback from a tutor). In introjected regulation, students' behavior and motivation serve to avoid internal conflict, such as meeting externally imposed standards, to assuage one's ego, or to avoid feeling guilty (e.g., a dental student exerting additional effort to study for an anatomy exam because a poor performance will lead to guilty feelings and less respect from peers). Controlled motivation has also been associated with negative educational outcomes, such as anxiety, 7 surface motives, and a reproductive orientation toward learning. 8, 11 At the far right of the continuum is autonomous motivation, which represents an internalized behavior with a full sense of volition, interest, choice, and selfdetermination. 6 It has been divided into identified and intrinsic regulation. In identified regulation, behavior may not be motivated by pleasure and interest, but it becomes internalized as valued and important and is practiced out of choice (e.g., a dental student who does not particularly enjoy oral surgery engages in a suturing workshop and values the activity after a tutor gives a clear rationale for why it is important for professional development). In intrinsic regulation, students engage in activities out of pleasure, interest, and satisfaction (e.g., a dental student conducting a literature review for a public health research project because of genuine interest in the topic and desire for deeper knowledge).
Reports from other educational settings have suggested an association between autonomous motivation and positive behavioral and affective outcomes. 8, 11, 12 Previous studies have found that autonomous motivation contributed to better learning strategies (a deep or meaning-oriented strategy over a surface or reproductive-oriented strategy) and enhanced academic performance 10, 13 and promoted students' self-esteem and vitality. 5, 14 Self-esteem represents an individual's set of thoughts and feelings about one's own worth and importance, showing a global positive or negative attitude toward oneself, while the concept of vitality refers to the state of feeling alive and alert and having energy available to oneself. 5 Despite its relevance, the influence that motivation has on these outcomes has not yet been explored in dental education in order to determine the role and significance that understanding types of Therefore, the aim of this study, grounded in self-determination theory, was to determine the predictive role of different quality types of motivation (autonomous motivation, controlled motivation, and amotivation) in the affective and behavioral outcomes of dental students. We sought to better understand dental students' motivations by testing the predictive roles of autonomous motivation, controlled motivation, and amotivation in the affective outcomes of self-esteem and vitality and the behavioral outcomes of study strategies and academic performance, all of which have been found to be key variables for higher education students. 2, 15 We tested the following hypotheses: 1) that self-determined motivation would positively predict self-esteem and vitality, while amotivation would result in the opposite; 2) that self-determined motivation would positively and negatively predict deep and surface study strategies, respectively, while amotivation would result in the opposite; and 3) that, in the motivational model, deep study strategies would positively predict students' academic performance, while the contrary would result in surface study strategies (Figure 2) . The findings should make important contributions to dental education regarding both methods and advancement of the understanding of students' motivations, which could justify further interventions to support students' optimal motivations.
Methods
The Research Ethics Committee of the Faculty of Dentistry of the University San Sebastian in Santiago, Chile, provided ethical approval of the study (Reference Number: 2015-03-08/03). The study was conducted in 2016 at the Faculty of Dentistry of the University San Sebastian in Santiago, Chile. The approach to empirical research was a quantitative correlational cross-sectional survey design, 16, 17 with data gathered through self-reported questionnaires and analyzed through descriptive and inferential methods with special emphasis on the use of structural equation modeling (SEM).
We had access to the total undergraduate dental student population (n=1,024) and therefore invited all students from years one to six to participate; thus, no sampling strategy was selected. However, an a priori power analysis for multiple regression was calculated for identification of small effects on relationships between the variables. This analysis resulted in a sample size of 647 students, considering an alpha of 0.05 and power of 0.80 using G*Power software, version 3.1.9.2 (Heinrich-Heine-Universität, Düsseldorf, Germany).
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Students were asked to voluntarily complete four self-administered questionnaires, after providing written informed consent at the end of a large-group activity. They were informed that we were interested in better understanding their motivations toward university education and how these motivations affected educational outcomes. Students could withdraw at any time with no consequences or explanations required and with guaranteed confidentiality of the data provided.
Data Collection
Demographic data were collected regarding age, gender, year of study, and the first seven digits (out of nine) of students' registration numbers to match the surveys with their concurrent academic performance. These partially given numbers acted as codes and did not allow for tracing the students' names.
Academic motivation was assessed using the 28-item Spanish version of the Academic Motivation Scale (AMS), which is divided into subscales of four items each, representing the motivation types postulated by SDT. 8 Furthermore, the subscales of the AMS that form autonomous and controlled motivation were combined into one score: relative autonomous motivation (RAM). This score provided a general index of students' level of self-determined motivation by estimating the degree of autonomous motivation over controlled motivation. 13 The score was calculated by combining, assigning weights, and adding intrinsic regulation (+2), identified regulation (+1), introjected regulation (-1), and external regulation (-2). Therefore, a positive RAM suggested an autonomous or self-determined profile, which is considered the good type of motivation, whereas a negative RAM indicated a controlled or a non-selfdetermined profile. 6 Deep and surface study strategies were assessed using the subscales of deep and surface study strategy of the Spanish version of the Revised Study Process Questionnaire (R-SPQ-2F), which contains ten items per subscale with response options on a five-point Likert scale. 19 To assess self-esteem, we used the Spanish version of the Rosenberg Self-Esteem Scale (RSES), 20 which is a one-dimensional instrument that captures subjects' global perceptions of their own worth by means of ten items with response options on a four-point Likert scale. With regard to vitality, students were asked to complete the Spanish version of the Subjective Vitality Scale, which has six items with response options on a seven-point Likert scale. 21 The dental school's administrative department provided data on students' academic performance (concurrent GPA).
All of these instruments have shown acceptable reliability and validity in previous studies with similar samples. [19] [20] [21] Also, we adapted all of the measures so that they specifically referred to the dental education context. A high score on a subscale indicated high agreement with the particular variable.
Data Analysis
Data analysis was performed using PASW Statistic (version 22.00; SPSS Inc., Chicago, IL, USA) and AMOS (version 20.0; SPSS Inc.) software, with the significance level set at ≤0.05. All of the data were screened and checked for the assumptions of the general linear model. Subsequently, the internal consistencies of all of the scales were analyzed by means of Cronbach's alpha scores, and descriptive statistics of all of the measures were calculated. Then, bivariate correlations among all of the constructs were calculated by means of Pearson's correlation coefficient.
Finally, SEM analysis was conducted to test both the model's fit to the data (by means of confirmatory factor analysis) and the model's paths (by interpreting parameter estimates). 22, 23 This step was conducted following Kline's suggestions for SEM analysis through the maximum likelihood method. 22 We controlled for the effects of gender and year of study, as previous research has suggested their confounding effects on students' motivations. 8, 13 To evaluate model fit and because there are no gold standards in SEM that automatically and objectively lead to a decision of whether or not to retain a model, we tested a series of statistics. We included (with standards for acceptance in parenthesis) the chi-square test (χ 2 , >0.05), the goodness-of-fit index (GFI, >0.90), the comparative fit index (CFI, >0.90), and the root mean square error of approximation (RMSEA, <0.08). To analyze parameter estimates, standardized path scores (associated with unstandardized significance) were interpreted as regression coefficients.
Results
After data screening, 17 questionnaires were excluded because of missing data; therefore, the final sample consisted of 924 students (90.2% response rate). The participants had an average age of 22.8 years (SD=3.36) and a gender distribution of 583 (63%) women and 341 (37%) men, which was far greater than the power analysis calculations. Table 1 shows the internal consistency of the scales, means, standard deviations, and correlations for all of the variables. The internal consistency ranged from 0.641 to 0.912 for the Cronbach's alpha values. These results are consistent with scores reported in studies with medical, 13 dental, 8, 24 and general higher education students, 25 suggesting that the measures used were reliable in the context of this study.
Reliability, Descriptive Scores, and Correlations
In terms of reasons for attending university, students reported identified regulation with the highest score and amotivation as the least endorsed regulation type. In summary, students' autonomous motivation for attending university was higher than their controlled motivation, which was confirmed by a positive RAM (1.90, SD=12.28), implying an overall self-determined profile. These results are in agreement with previous research conducted in dental, medical, and psychology education 8, 9, [26] [27] [28] [29] and support the claims that students in health professions education have autonomous motivation profiles.
2,30
Regarding correlations, autonomous motivation showed strong correlations with the types of regulations that are included in it (intrinsic motivation and identified regulation), which became weaker when correlated with the constructs of controlled motivation (introjected regulation and external regulation). The opposite results were shown for controlled motivation. For amotivation, negative correlations were found with all of the other motivation variables. This finding was not surprising since all of these constructs represent the intention to act (despite coming from internal or external sources), whereas amotivation reflects the lack thereof. These associations provide additional support for the construct validity of the motivational variables.
Concerning associations between motivational variables and behavioral and affective outcomes, students' autonomous motivation was positively associated with deep study strategies, academic performance, vitality, and self-esteem and was negatively associated with surface study strategies. Controlled motivation showed positive associations with surface study strategies and positive but weak correlations with deep study strategies and vitality, showing negative correlations with self-esteem and academic performance. Amotivation, as expected, showed negative associations with all of the behavioral and affective outcome variables with the exception of surface study strategies. These results suggested that, as these dental students' self-determination was internalized and increased in quality, their deep study strategies, academic performance, vitality, and self-esteem also increased, with a decrease in surface study strategy scores. 
Structural Equation Modeling
The results from the fit statistics showed that the model fit the observed data well. The chi-square test was nonsignificant (χ 2 =17.587, df=10, p<0.062), and the results from the CFI (0.991), GFI (0.996), and RMSEA (0.29, 90% CI=0.000, 0.050) were all above the standard for acceptance. These results suggest an adequate fit of the model; therefore, the parameter estimates were retained. Figure 3 shows the standardized regression coefficients of the model (along with their unstandardized significance), in which the control variables of gender and year of study were added. Regression weights showed that all of the relationships were significant and in the hypothesized directions. Regarding the influence of self-determined motivation (expressed by the RAM score) over educational outcome variables, the results showed a positive and significant association with the two affective outcomes, over and above the effects of gender and year of study. Thus, a self-determined motivational profile predicted higher vitality and self-esteem, while the contrary results were shown for amotivation. With regard to behavioral outcomes, self-determined motivation significantly predicted positive deep surface and negative surface learning study strategies over and above the effects of gender and year of study. Amotivation showed the opposite results.
With regard to academic performance, the model showed that motivation influenced this construct through the effects of study strategies. A deep learning study strategy was positively and significantly associated with students' academic performance, while a negative and significant association was found for a surface study strategy. Consequently, the model showed that, when the students' motivation was predominantly autonomous over controlled motivation, positive associations were found with regard to students' feelings about their own worth, their psychological wellness, their approaches to learning, and their concurrent GPA. The contrary outcome was found when the students experienced lack of motivation toward their education.
Discussion
The results indicated support for hypothesis 1, with self-determined motivation positively predicting the outcomes of self-esteem and vitality and the contrary results for amotivation. According to these Note: Residuals, covariances, and regression paths of control variables have been omitted to simplify the model's appearance. Significance in all paths is based on unstandardized regression coefficients, controlling for gender and year of study. *p<0.05, **p<0.01, ***p<0.001 data, we can infer that autonomous motivation was of paramount importance when supporting the students' well-being. This finding supported results from a prior study that found vitality and self-esteem were silent and functional indicators of health. 31 Moreover, another study found that vitality was an essential indicator of students' emotional engagement in academic activities. 32 Although there is a lack of studies previously testing the association between motivation and these two constructs in health professions education, our results were consistent with findings in research conducted in other fields of higher education.
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Our results also supported hypothesis 2 since the students' self-determined motivation positively predicted deep study strategies and negatively predicted surface study strategies, with the opposite results for amotivation. The autonomously motivated dental students seemed to use more effective and deep or meaning-oriented learning strategies and relied less on surface or reproductive-oriented strategies; this pattern tended to reverse when correlated with controlled motivation and amotivation.
These results support previous research in dental education, which linked intrinsic and identified regulation with deep study motives and introjected regulation, external regulation, and amotivation with surface study motives. 8 They are also in agreement with findings that showed that, as medical students' autonomous motivation increased, so did their deep study strategies. 13, 28 These observations provide support for the claims that optimal types of motivation drive behavior and effort toward success 36, 37 and that autonomously motivated students use more effective learning strategies and show sustained involvement. 38 Hypothesis 3 was also supported, as the students' deep and surface study strategies were, respectively, positively and negatively associated with academic performance in the motivational model and in correlational analyses. These associations suggest that the quality of motivation had an influence on academic performance through the effects of study strategies. These results seem to be consistent with data obtained from psychology and medical students in different settings, 7,10,13 although they differed from the findings in a previous study with dental students. It is important to clarify that the latter study used cumulative instead of concurrent academic performance, which might be a less precise construct due to the dynamic and likely-to-change nature of motivation. Future research should confirm or refute our results in dental education by considering concurrent, rather than cumulative, academic performance.
The results of our study provide acceptable evidence that the quality of motivation was important in determining positive educational outcomes among dental students. These findings have a number of practical implications for educational practice since successes and failures in many elements of professional education can be understood from the SDT perspective. As such, efforts should be made in various aspects of education to support learners' autonomous motivation over controlled motivation and to reduce amotivation.
On the one hand, identifying students' predominant types of motivations as their reason for engaging in academic activities is important since it might lead to different remedial strategies to support students' intentions to act and to improve their educational outcomes. One study found that students' lack of motivation at university appeared to have detrimental effects on their general mental health and posed a higher dropout risk. 39 Amotivated students are usually labeled as those lacking interest in a given activity or subject. This label might not always be the case, as amotivation can also be the result of continuous failures at a given task or the feeling that the challenges are too difficult and therefore unachievable. For instance, lack of interest might be overcome by providing a meaningful rationale and by presenting professional context problems; continuous failures might be overcome by additional training opportunities and mentoring, while students who feel that challenges are unachievable could be supported by a vicarious learning experience, watching their peers, near-peers, or tutors perform at the desirable level. 3, 30 On the other hand, students in whom controlled motivation predominates experience pressure and anxiety; therefore, their learning is likely to be rote, short-lived, and poorly integrated into their longterm values and skills. Consequently, the question that arises is how to facilitate autonomous motivation over controlled motivation and amotivation. A number of determinants have been identified that foster students' autonomous motivations, such as informative and constructive feedback, a qualitative method of selection, and a supportive and safe learning environment. 2, 15 However, what these determinants that facilitate autonomous motivation have in common is support for three learning environment characteristics that have been termed by SDT the three basic psychological needs for the development and maintenance of autonomous motivation. 5 These needs correspond to the perception of autonomy (making decisions by one's own will), competence (feeling capable of performing a determined task), and relatedness (being accepted and valued by important others). Therefore, as the learning environment and teaching methods are provided in a manner that supports these needs, autonomous motivation will be facilitated over controlled motivation and amotivation. Orsini et al. provided a comprehensive view on how dental faculty members can support these needs and promote autonomous motivation in their everyday teaching. 3 Previous research with dental students has shown, for instance, that the learning environment and the quality of feedback predicted autonomous motivation when students felt support for their need to feel autonomous, competent, and related to important others. 24 The results of our study have important implications for the internalization processes of students' motivations and for educational outcomes. The process of internalization and how inputs are received are relevant to students' motivations and thus have important consequences for behavioral and affective outcomes. 40, 41 Hence, for dental education, the facilitation of autonomous forms of motivation is expected to contribute to students' becoming better practitioners.
The main limitation of this study is that it was conducted in one dental school, preventing its generalization to other Chilean schools or other dental education contexts. However, based on the detailed presentation and robustness of the methods, we expect other researchers to favorably judge the transferability of our results. Second, there is a limitation concerning bias from self-reported measures; however, considering that the research did not involve any sensitive issues, minor threats to the validity of the results were expected. Finally, longitudinal and experimental research could be explored in further studies to overcome the limitations of cross-sectional designs and to extend the evidence on the relevance of favoring self-determined forms of motivation over controlled motivation and amotivation.
Conclusion
This study found that a self-determined motivation profile was positively associated with vitality, self-esteem, and deep study strategies and negatively associated with surface study strategies. The contrary results were found for amotivation. Moreover, in the motivational model, deep and surface study strategies showed positive and negative associations, respectively, with students' academic performance. This research extends our knowledge about the differentiation of motivation based on its quality types and suggests that being motivated does not necessarily lead to positive educational outcomes. Autonomous motivation, in contrast to controlled motivation and amotivation, should be supported to benefit students with regard to their approaches to learning and well-being, as it can promote students' vitality, self-esteem, deep over surface study strategies, and enhanced academic performance. This approach should benefit both students and their patients.
